ABSTRACT Inter-and intraspeciÞc differences between Asteralobia gall midges (Diptera: Cecidomyiidae) that induce axillary bud galls on several Ilex species were studied from morphological, molecular, and ecological points of view. Asteralobia sasakii (Monzen) and Asteralobia soyogo (Kikuti) were clearly distinguished from one another by thoracic setal and scale counts and by sequences of partial mitochondrial DNA cytochrome oxidase subunit I region. Because adults of A. sasakii emerged within a shorter period of time and later in the season than those of A. soyogo, they were considered to be temporally isolated. The host ranges of A. sasakii and A. soyogo did not overlap. A. sasakii was conÞrmed to use Ilex crenata Thunberg, Ilex crenata var. paludosa (Nakai) Hara, and Ilex maximowicziana Loesener for galling, and A. soyogo included galls on Ilex chinensis Sims, Ilex integra Thunberg, Ilex leucoclada (Maximowicz) Makino, and Ilex pedunculosa Miquel. Molecular phylogenetic analysis revealed that host races were not formed either in A. sasakii or in A. soyogo populations, whereas geographical variations were detected for both species at the DNA level. The haplotype diversity was signiÞcantly higher in A. soyogo than in A. sasakii. The DNA analysis suggested that A. sasakii and A. soyogo had speciated allopatrically. On the basis of the current study, we concluded that A. soyogo had been already established in Honshu, Shikoku, and Kyushu, Japan, when A. sasakii arrived in these areas from the southwest islands more recently.
ONE OF THE MAJOR SUBJECTS in evolutionary study has been whether speciation can occur sympatrically (Tregenza and Butlin 1999 , Filchak et al. 2000 , Berlocher and Feder 2002 ). Recent models demonstrate that sympatric speciation could take place under a variety of ecologically plausible conditions (Johnson et al. 1996 , Dieckmann and Doebeli 1999 , Kondrashov and Kondrashov 1999 . Studies of some tephritid ßies revealed that host race formation actually occurred sympatrically (Bush and Smith 1998 , Feder and Filchak 1999 , Craig et al. 2001 . However, to access how often sympatric speciation has taken place in the evolutionary history of diverse insects, more intensive surveys are needed to analyze speciation processes, particularly between sister species or host races in various insect taxa. For this purpose, it is necessary to select appropriate target organisms and to gather and synthesize various sorts of information such as morphological variations, geographical distribution, host range, and ecological traits of respective species or host races, and phylogenetic relationships between them.
Some closely related galling species of the family Cecidomyiidae (Diptera) are known to induce similar galls on different plant species within a single genus or related plant genera. In Japan, examples have been shown in a complex of Asteralobia gall midges on Ilex species (Aquifoliaceae) Masuda 1996, Tokuda et al. 2002) and Lasioptera gall midges on wild gourds (Cucurbitaceae) Masuda 1996, Miyatake et al. 2000) . In addition, galling cecidomyiids have a tight association with their host plants because of their galling habit (Mani 1964 ) and an extremely short adult life span (Yukawa 2000) . When these attributes are taken into consideration, gall midges seem to be appropriate target organisms for studying possible speciation process or host race formation in herbivores.
In this study, morphological features, nucleotide sequence data, and ecological attributes of the Aster-alobia species that induce axillary bud galls on various Ilex species in Japan were investigated to identify these species and to discuss their possible speciation processes.
Materials and Methods

General Information for the Genus Asteralobia.
The genus Asteralobia previously consisted of 10 species that had been recorded from Japan and/or the Russian Far East (Kovalev 1964 , Yukawa and Masuda 1996 . However, Asteralobia now contains nine species as the result of recent transference of a Japanese species to Oxycephalomyia (Tokuda et al. 2004) . Among the nine species, two induce axillary bud galls on Ilex, one induces leaf galls on Humulus (Cannaberaceae), two are responsible for fruit galls on Patrinia (Valerianaceae), and the remaining four are associated with various genera of Asteraceae (Gagné 2004) .
Ilex-Associated Asteralobia Gall Midges. There are two described Asteralobia species that induce axillary bud galls on Ilex species in Japan (Yukawa 1971 , Yukawa 1983 , Yukawa and Masuda 1996 . They are Asteralobia sasakii (Monzen) and Asteralobia soyogo (Kikuti) , but no clear diagnostic differences in larval, pupal, and adult stages have been detected between them (Yukawa 1971, Yukawa and Masuda 1996) .
Ilex crenata Thunberg was recorded in the original description (Monzen 1937 ) as a host plant of A. sasakii (ϭParasphondylia sasakii, at that time), and later Shinji (1944) considered that similar galls induced on Ilex integra Thunberg was caused by the same species. However, Yukawa (1971) pointed out the necessity of further comparative studies to determine whether the two gall midges on different Ilex species are actually identical. Ilex pedunculosa Miquel (Kikuti 1939) has been known as a host plant of another species, A. soyogo. Thereafter, similar axillary bud galls were successively found in Japan on I. chinensis Sims, Ilex crenata var. paludosa (Nakai) Hara, Ilex goshiensis Hayata, Ilex leucoclada (Maximowicz) Makino, Ilex maximowicziana Loesener, and Ilex warburgi Loesener (Table 1; Yukawa 1976 , Yamauchi et al. 1982 , Yukawa 1982 , Yukawa and Sunose 1988 , Yukawa and Masuda 1996 , Tokuda et al. 2002 . These gall midges associated with these Ilex species were tentatively included in A. sasakii in Yukawa and Masuda (1996) due to a morphological similarity. Recently detailed distributional information was given for all these Asteralobia gall midges and their respective host plants in Tokuda et al. (2002) . Based on the information, distributional ranges, and host plants of Asteralobia gall midges and their host plants that we treated in this article are summarized in Table 2 .
Collection of Galls and Gall Midges. Whenever the opportunity arose, axillary bud galls induced on Ilex species were collected from various localities in Japan by ourselves and our colleagues (see Acknowledgments) during the period from 1962 to 2002. Some of the galls collected were dissected under a binocular microscope. Third instars or pupae were picked out of the galls and divided into two groups. One group was kept in 75% ethanol for morphological studies and another in 99.5% acetone for DNA analysis. To avoid contamination with internal or external parasitoid larvae in the DNA analysis, parasitized midge larvae or pupae that were readily distinguishable were excluded. The remaining galls were not dissected but kept in plastic containers (150 mm in diameter, 250 mm in depth) to rear adult midges. Emerged adults were put into 75% ethanol or 99.5% acetone for the aforementioned purposes.
Morphological Comparison. Some of the ethanolstored specimens were mounted on slides in Canada balsam by using the techniques outlined by Gagné (1989) . Collecting data of the specimens used for morphological comparisons are shown in Results ("Specimens Examined" in the redescriptions of Asteralobia species). All specimens are kept in the collection of the Entomological Laboratory, Faculty of Agriculture, Kyushu University, Japan. In addition, we examined slide-mounted specimens of congeners that had been used in previous studies and are now kept in the collection of Entomological Laboratory, Kyushu University, Japan (see Yukawa 1971 , Yukawa 1983 for detailed collecting data) or in Hyogo Museum of Nature and Human Activities, Japan ("Mamaev Collection"; Yagi and Sawada 2000). Yukawa and Masuda (1996) tentatively included these gall midges in A. sasakii. Adult morphological terminology, except for that of thoracic plates and setae, follows use in McAlpine (1981) . The terminology of thoracic setae and scales, except those on pteropleuron, follows usage in Panelius (1965) and setae of mesepimeron (ϭpteropleu-ron) in Yukawa and Ohsaki (1988) . Because it was noticed, while counting thoracic setae, that dorsolateral setae were divided into anterior and posterior clusters, they were named as "anterior dorsolateral setae" and "posterior dorsolateral setae," respectively. Morphological terminology of immature stages generally follows Mö hn (1955, 1961) , which had been originally written in German and later translated into English in Yukawa (1971) , but the terminology of pupal antennal horns follows Gagné (1994) . In addition, the term of "anterior dorsal papillae" (following Tokuda et al. 2004 ) is applied to pupal papillae that are situated between the anterior margin of abdominal segment and the transverse rows of spines on dorsal surface of abdominal segment.
Frontoclypeal and thoracic setal and scale counts were analyzed by analysis of variance (ANOVA) with the Bonferroni method. Posterior dorsolateral setae could not be examined because these setae in most slide-mounted specimens were covered with one of the wings. The counts are actually based on the setal and scale insertions, because many setae and scales became lost through the processes of collection, preservation, or preparation.
Morphological features were Þrst examined within Ilex-associated gall midges for species identiÞcation and then compared between the Ilex-associated gall midges and other congeners on different plant families, to conÞrm whether the Ilex-associates constitute a sister group. DNA Analysis. One to three individuals from respective host plants in one locality were used for DNA analysis. Detailed data of the specimens are shown in Fig. 1 and Table 3 . Asphondylia yushimai Yukawa & Uechi belonging to the same tribe as the genus Asteralobia was used as outgroup (GenBank accession no. AB085776). In addition, two congeners, Asteralobia humuli (Shinji) and Asteralobia patriniae (Shinji) , were also included in the analysis (Table 3) . For every individual, total DNA was extracted from the whole body with the DNeasy tissue kit (QIAGEN, Tokyo, Japan), following the manufacturerÕs instructions. A region of the cytochrome oxidase subunit I (COI) gene of mitochondrial DNA was ampliÞed, puriÞed, sequenced, and electrophoresized following the methods described in Yukawa et al. (2003) . The primers used for the ampliÞcation were as follows: forward, 5Ј-GGA TCA CCT GAT ATA GCA TTC CC-3Ј (COIS) and reverse, 5Ј-CCC GGT AAA ATT AAA ATA TAA ACT TC-3Ј (COIA) (Funk et al. 1995) . These primers have been effectively used for the analysis of intra-or interspeciÞc variations in Cecidomyiidae (Shirota et al. 1999 . The nucleotide sequence data reported in this article are available in the DNA Databank of Japan, European Molecular Biology Laboratory, and GenBank nucleotide sequence databases with the following accession numbers: AB176717ÐAB176803.
The sequence data were analyzed by the neighborjoining and unweighted pair-group method with arithmetic average methods by using the software package PHYLIP, version 3.573c (Felsenstein 1993 ) and maximum parsimony method by using PAUP* 4.0b10 (Swofford 2002) . Evolutionary distances were computed by KimuraÕs two-parameter distances (Kimura 1980) . Most parsimonious trees were determined under the heuristic search strategy with 100 randomaddition sequences and the TBR branch swapping algorithm. The resulting trees were evaluated by the bootstrap test (Efron 1982 , Felsenstein 1985 based on 1000 replications. In addition, haplotype diversity (ϭnucleon diversity; h) was calculated following Nei and Tajima (1981) . In the analyzing haplotype diversity by t-test following Nei (1987) , individuals collected from Honshu, Shikoku, and Kyushu, Japan, were treated to constitute one population of each species.
Ecological Survey. On the campus of Chiba University, Matsudo City, Chiba Prefecture, Japan, the number of adults emerged from axillary bud galls on I. integra and I. crenata was recorded every day from mid-April to early June in 2000. Similarly, at 2-or 3-d intervals from April to May 2001, the adults emerged from axillary bud galls on I. chinensis was monitored in Aobanomori-Park, Fukuoka City, Fukuoka Prefecture, Japan, and those from the galls on I. crenata in Ino, Hisayama Town, Fukuoka Prefecture.
Results
Redescription of Ilex-Associated Asteralobia
A. sasakii and A. soyogo are redescribed here because clear morphological differences between the two species were detected through the current morphological studies of Ilex-associated gall midges in Japan. Male. Eye bridge six to eight facets long. Frontoclypeal setal count as in Table 4 . Palpus four-segmented, Þrst palpal segment Ϸ50 m in length, 2.0 times as long as basal width; second Ϸ1.1 times as long as Þrst; third Ϸ1.7 times as long as second; fourth Ϸ1.1 times as long as third. Antenna dark brown, with 12 ßagellomeres; scape larger than pedicel, ventrally with rather short setae and a few rather long setae, dorsally with a few rather short setae; pedicel sparsely with rather short setae; Þrst and second ßagellomeres fused; ßagellomeres only slightly shortened distally; Þrst ßag-ellomere Ϸ160 m in length, Ϸ3.8 times as long as wide, 1.05Ð1.10 times as long as second; Þfth ßag-ellomere Ϸ150 m in length, 3.3 times as long as wide; 12th ßagellomere Ϸ130 m in length, Ϸ3.3 times as long as wide; each ßagellomere shallowly constricted into three parts; circumÞla convolute.
Asteralobia sasakii (Monzen)
Thoracic setal and scale counts as in Table 4 . All legs covered with many brackish scales; length of respective segments as in Table 5 ; Þrst tarsomeres without apical spurs; claws simple, bent at right angle; empodia slightly shorter than claws. Wing length 2.1Ð2.7 mm, Ϸ2.2 times as long as wide; R 5 joining costa at wing apex.
Abdominal tergites with an anterior pair of trichoid sensilla; Þrst through seventh tergites rectangular; Þrst to sixth tergites with a single row of posterior setae; seventh tergite with a double row of posterior setae; eighth tergite sclerotized, without setae; some lateral setae present on Þrst to seventh tergites; elsewhere covered with scales on Þrst through seventh tergites. Abdominal sternites with an anterior pair of trichoid sensilla; Þrst to seventh sternites rectangular, 0.29 Ð 0.32 times as long as wide; seventh sternite relatively small, Ϸ0.67 times as long as sixth sternite. Genitalia (see Fig. 20 in Yukawa 1971) : cerci separated deeply by a V-shaped emargination, forming a pair of setose lobes; hypoproct deeply incised by a U-shaped emargination, forming a pair of lobes, usually each with an apical seta; gonostylus relatively short, dorsally with setae rather sparsely, distally with a little long denticles; gonocoxite elongated, ventrally with many setae, distally well extending beyond insertion of gonostylus, with many setae; paramere well developed, usually with an apical seta; root of gonocoxite rather short; aedeagus slender, distally tapering.
Female. Frontoclypeal setal count as in Table 6 . First ßagellomere Ϸ175 m in length, Ϸ4.1 times as long as wide, Ϸ1.15 times as long as second; Þfth ßagellomeres Ϸ135 m, Ϸ3.2 times as long as wide; ßagellomeres shortened distally and terminal one subglobular; each ßagellomere not distinctly constricted. Thoracic setal and scale counts as in Table 6 . Wing length 2.2Ð2.8 mm, 2.1Ð2.4 times as long as wide. Ovipositor protractile, slender, aciculate, basally with a small cerci-like structure. Seventh sternite Ϸ1.58 times as long as wide, eighth sternite without setae. Table 3. Needle part of ovipositor 0.90 Ð1.05 mm in length, Ϸ2.6 times as long as the length of seventh sternite; minute apical lobe of ovipositor with two short setae. Otherwise, generally as in male.
Mature Larva. Body color yellow. Body length 3.5Ð 3.8 mm. Second antennal segment short, conical, Ϸ14 m, 1.8 Ð2.0 times as long as basal width; cervical papillae each without setae. Four dorsal papillae present, each with a seta; dorsal papillae on eighth abdominal segment usually absent; three pleural papillae present, each with a seta; six terminal papillae present, each with a seta. Sternal spatula 300 Ð330 m in length, distally incised by a V-shaped emargination, forming a pair of triangular lobes; usually three inner and three outer lateral papillae present, two of them each with a seta, respectively, on all thoracic segments, sometimes one inner and/or one outer asetose papillae not apparent; sternal papillae without setae on prothorax, each with a seta on meso-and metathorax; inner pleural papillae each with a seta on all thoracic segments; usually two anterior ventral papillae present, each with a seta; two posterior ventral papillae present, each with a seta; usually two ventral papillae on eighth abdominal segment, each with a seta; two anal papillae visible, usually without setae, rarely each with a short seta.
Pupa. Pupal skin not pigmented. Body length Ϸ3.1 mm. Apical horn very short, triangular; apical papilla with a seta, Ϸ90 m in length; upper and lower frontal horns absent; two pairs of lower facial papillae present, a pair of them each with a seta, Ϸ25Ð30 m in length; usually three, rarely four pairs of lateral facial papillae present, a pair of them each with a seta, 27Ð 40 m in length; prothoracic horn 170 Ð200 m in length; stigmatal tubercles subglobular, Ϸ10 m in length, present on second to sixth abdominal segments; each abdominal segment except Þrst and terminal ones dorsally with two to four transverse rows of spines on anterior third, each spine 6 Ð25 m in length; eight dorsal papillae present, four of them (usually most outer and second inner pairs) each with a seta; anterior dorsal papillae absent; two pleural papillae present on each side, each with a short seta.
Specimens Examined. JAPAN [Host: I. crenata] 8 males, 9 females, 7 third instars, and 1 pupa (on slides; Cecido. Nos. A1301Ð1325), galls collected from Soeda, Fukuoka, Kyushu, 24-V-65, J. Yukawa, adults emerged from 7-to 25-VI-65; two pupae (on slides; Cecido. Nos. A1326 Ð1327), galls collected from Mt. Kajigamori, Kochi, Shikoku, 8-V-69, J. Yukawa; 10 males and 10 females (on slides), galls collected from Matsudo, Chiba, Honshu, V-01, K. Tabuchi, adults emerged from 4-to 16-V-01.
Asteralobia soyogo (Kikuti)
( Tables 4, 6 , and 7) Pupa. Body length Ϸ2.8 mm. Apical papilla with a seta, 75Ð 88 m in length; two pairs of lower facial papillae present, a pair of them each with a seta, 25Ð28 m in length; three pairs of lateral facial papillae present, a pair of them each with a seta, 12Ð14 m in length; prothoracic horn 150 Ð200 m in length. Otherwise, as in A. sasakii.
Specimens Examined. JAPAN [Host: I. pedunculosa]: 7 males and 7 females (on slides; Cecido. Nos. 3609Ð 3622), galls collected from Mt. Kazan, Kyoto, Honshu, 18-I-62, J. Yukawa, adults emerged from 28-IV-to 15-V-62; 2 pupae and 5 third instars (on slides; Cecido. Nos. A3623Ð3629), galls collected from Kisaichi, Kitakawachi, Osaka, Honshu, 5-IV-62, R. Inoue; [Host: I. chinensis]: 2 males and 2 females (on slides), galls collected from Shiroyama, Kagoshima, Kyushu, J. Yukawa, emerged from 25-IV-to 7-V-69; 5 males and 7 females (on slides), galls collected from Shiroyama, Kagoshima, Kyushu, T. Sunose, emerged on 27-IV-76; [Host: I. integra]: 17 males and 16 females (on slides), galls collected from Matsudo, Chiba, Honshu, K. Tabuchi, adults emerged from 27-IVto 14-V-01.
Morphological Comparison within Ilex-Associated Asteralobia Gall Midges
In both sexes, there were no morphological differences among the Ilex-associated gall midges except only for thoracic setal and scale counts. Mesopleural scale and mesepimeral setal counts were signiÞcantly fewer and more at 5% level, respectively, in the adults from I. crenata than in those from I. chinensis, I. integra, and I. pedunculosa (Tables 4 and 6 , P Ͻ 0.0083, ANOVA with the Bonferroni method). Based on the morphological differences, the gall midge on I. crenata was identiÞed as A. sasakii and those on the three other hosts as A. soyogo. In immature stages, A. sasakii can be distinguished from A. soyogo, by having longer setae on pupal lateral facial papillae.
Morphological Comparison with Other Congeners on Different Plant Families
Morphological studies indicated that Ilex-associated gall midges constituted a sister group by having the following two synapomorphies in the third instar: the degeneration of a pair of corniform terminal papillae and the presence of setae on the inner pleural papillae of prothorax. The other congeners on different plant families do not have such features (Kovalev 1964 , Yukawa 1983 ).
Molecular Phylogenetic Inference
The length of the ampliÞed mitochondrial COI gene fragment was 439 bp. This region corresponded to the bases 1752Ð2190 of the Drosophila yakuba Burla genome (Clary and Wolstenholme 1985) . Sister relationships between Ilex-associated Asteralobia gall midges were supported by relatively high bootstrap values in respective phylogenetic trees (Figs. 2Ð 4) . The gall midges on I. crenata, I. crenata var. paludosa, clades, whereas it was Ͻ1.14 and 0.69% within the former and the latter clades, respectively. In the former clade, an individual (MAOK01) from the southwest islands was situated most basally in all phylogenetic trees (Figs. 2Ð 4), and this relationship was supported 81.3 and 50% of bootstrap values in unweighted pair-group method with arithmetic average and MP trees, respectively. Four and seven haplotypes were included in the former and the latter clades, respectively. These haplotypes did not represent host plant differences, but geographical variations. In the former clade, only three haplotypes were detected in Honshu, Shikoku, and Kyushu, whereas in the latter clade, seven haplotypes were found in the same areas. The haplotype diversity of populations included in the former and the latter clades was 0.350 Ϯ 0.075 and 0.661 Ϯ 0.043, respectively, and was signiÞcantly different from one another (unpaired t-test; df ϭ 79, t ϭ 3.60, P Ͻ 0.001). Absolute differences in inferred amino acids ranged from one to three of 146 deduced amino acid residues among the gall midges on I. chinensis, I. integra, I. leucoclada, and I. pedunculosa, whereas the differences were eight among those on I. crenata and four other Ilex species.
Emergence Period
In Chiba, adult gall midges emerged from galls on I. integra between 4 and 16 May and from galls on I. crenata between 25 and 31 May (Fig. 5) . In Fukuoka, all adults except one emerged from galls on I. chinensis during the period from 26 April to 17 May, whereas gall midges on I. crenata occurred from 21 May to 1 June (Fig. 6) . In both census Þelds, adult emergence season was later and shorter in the gall midge on I. crenata than in that on I. integra and I. chinensis.
Discussion
Species Identification, Host Range, and Distribution. A. sasakii and A. soyogo seemed to be distinguishable from one another by thoracic setal and scale counts (Tables 4 and 6 ). DNA analysis indicated that the gall midges associated with I. crenata, I. crenata var. paludosa, and I. maximowicziana were included in a single clade and those associated with I. chinensis, I. integra, I. leucoclada, and I. pedunculosa in another clade (Figs. 2Ð 4) . Based on the morphological and molecular phylogenetic information, I. crenata, I. crenata var. paludosa, and I. maximowicziana were regarded as host plants of A. sasakii, and I. chinensis, I. integra, I . leucoclada, and I. pedunculosa were as host plants of A. soyogo. Tabuchi and Amano (2003b) observed that the males emerged from galls on I. crenata and I. integra were attracted by females from galls on the respective host species, suggesting possible pheromonal differentiation. They also suggested the possibilities that gall midges on I. crenata and I. integra might be different species based on the differences of life history parameters such as the number of eggs in the ovary and the duration of copulation (Tabuchi and Amano 2003b) . These results support the species discrimination and host range deÞnition in this article.
The current ecological survey revealed that A. soyogo on I. integra emerged distinctly earlier than A. sasakii on I crenata. In 2001 and 2002, a similar tendency was observed for both species in Chiba Prefecture (Tabuchi and Amano 2003a) . These data as well as the possible pheromonal differentiation indicate that, in localities where both A. sasakii and A. soyogo are coexisting, they are at least chronologically and ecologically isolated at the premating stage by using different host plants.
A. sasakii is distributed widely and commonly in Honshu, including Sadogashima Island (Yukawa and Sunose 1988 ) and the Izu Islands (Sunose 1981) , Shikoku, Kyushu, and the southwest islands (Tokuda et al. 2002) , whereas A. soyogo is distributed in Honshu, Shikoku, and Kyushu, but not on the southwest islands.
Possible Speciation Process of Gall Midges. The nucleotide sequences exhibited the existence of geographical variations both in A. sasakii and A. soyogo populations but did not exhibit host race formation in each species (Figs. 2Ð 4) . The haplotype diversity of A. soyogo was signiÞcantly higher than that of A. sasakii. In contrast, only a few haplotypes were detected in A. sasakii populations from Hokkaido, Honshu, Shikoku, and Kyushu, and one individual (MAOK01) from the southwest islands is situated most basally in the phylogenetic tree. These results suggest that A. soyogo had been distributed in Honshu, Shikoku, and Kyushu for a longer period of time than A. sasakii, which invaded these areas more recently from the southwest islands.
Consequently, it is highly probable that A. sasakii and A. soyogo have speciated allopatrically.
The original host of A. sasakii was considered, at the moment, to be I. maximowicziana, or could be another Ilex species distributed in Taiwan or areas south of Japan, if the gall midge had come from south. Among the four Ilex species, I. chinensis, I. integra, I. leucoclada, and I. pedunculosa, which are now known as host plants of A. soyogo, I. pedunculosa and/or I. chinensis are considered to be the original hosts because of the following three Þeld observations (Tokuda et al. 2002) : 1) A. soyogo has been collected from I. integra at some restricted localities in eastern Honshu and on Tanegashima Island where I. chinensis, I. leucoclada, and I. pedunculosa are not distributed; 2) A. soyogo galls on I. integra have seldom been found in the localities where either I. chinensis or I. pedunculosa is growing adjacently to I. integra; and 3) the galls have been much less frequently found on I. leucoclada than on the other three Ilex species.
The rates of 2.0 and 2.3% pairwise sequence divergence per 1 million year were calculated for Hawaiian Drosophila spp. (Diptera: Drosophilidae) by DeSalle et al. (1987) and for Heliconius erato (L.) (Lepidoptera: Heliconidae) by Brower (1994) , respectively. Based on these data, the time required for divergence between A. sasakii and A. soyogo can be estimated as 3.2Ð 4.3 mya. In contrast, the divergence time between Ilex spp. has not yet been estimated so far, although molecular phylogenetic relationships between some of them have been studied (Cué noud et al. 2000, Setoguchi and Watanabe 2000) .
There are two possible explanations for host plant association of A. sasakii and A. soyogo: 1) they speciated after the speciation of respective host plants and they did not shift their hosts; and 2) they shifted their hosts after the host plants had speciated. To conclude which explanations can be applied to this case, we have to wait until plant phylogenetic studies determine the divergence time between Ilex spp.
Mechanisms inhibiting host race formation and sympatric speciation in these gall midges are interesting future study subjects, although aforementioned Þeld observations (Tokuda et al. 2002) imply possible explanations for the mechanisms. Namely, the Þeld data suggest that the females of A. soyogo lay their eggs more preferentially on I. chinensis or I. pedunculosa than on I. integra, even though they emerged from galls on I. integra. If they have such a predetermined host plant preference at the time of oviposition, host race formation and sympatric speciation would be inhibited. Future experiments of host preference by the gall midge females and the performance of offspring will provide us with useful information to understand the mechanisms of reproductive isolation and speciation.
